The project, formally known as the Centenarian Species and Rockfish Project, is the brainchild of John Guerin, who worked with financial systems for a large retail firm before deciding, in 1995, to find an endeavor that would allow him to make a significant contribution to science. After spending two years attending meetings and studying what was known about aging and the biology of rockfish, he concluded that further research could lead to a better understanding of why some species not only lead long lives but also show negligible signs of senescence. From his Portland, Oregon, home he coordinates collaboration among scientists who work on various facets of rockfish biology.
Even scientists who are not affiliated with the project regard it as important.
Judith Campisi, a specialist in cellular aging at the Lawrence Berkeley National Laboratory in California, says the work, though preliminary, is valuable because it can shed light on the phenomenon of aging and help determine whether the ideas about rockfish longevity are true. Caleb Finch, a gerontologist at the University of Southern California, says studies of rockfish may also help us understand the factors limiting aging.
Rockfish grow to between 65 and 70 centimeters in length and swim in Pacific waters extending from Alaska to California. Some members of the genus, which comprises 103 species, have been documented to live as long as 100 years; others were estimated to have lived about 200 years. Age is usually estimated by examining the otoliths (oto = ear and lithos = stone), hard structures in the inner ear made mostly of calcium carbonate and used in balance and hearing. "They're secreted from the inside of a structure called the labyrinth. As the fish's head gets bigger, the otoliths get bigger. Because it's secreted, there's an outside layer that represents the latest growth," explains Gregor Cailliet, a fish ecologist at Moss Landing Marine Laboratory in California. Looking at otoliths is like looking at tree rings to determine age, he says.
Although this method is widely used, it is only an estimate of age. The actual age can be determined by looking at the decay of radioactive isotopes deposited in the otolith along with the calcium carbonate. The process is analogous to carbon dating. Naturally occurring radioactive radium-226 ( 226 Ra) decays to lead-210 ( 210 Pb). The oldest fish have the most 210 Pb, the youngest the least. By measuring the relative amounts of 226 Ra and 210 Pb in an otolith, scientists arrive at an accurate age. Using this technique, Cailliet has determined the age of a yellow-eye rockfish, caught off Alaska in several hundred meters of water, to be more than 100 years.
Keeping proteins functional
Ana Maria Cuervo of Tufts University finds that rates of protein degradation in rockfish, unlike rates for most other animal species, don't decrease as fishes age. When proteins are manufactured in a healthy cell, those abnormally synthesized or damaged later are broken down and removed in a variety of ways; for instance, they are digested by lysosomes, organelles that act like garbage disposals for cells. But in older animals, damaged proteins don't get destroyed, and having such damaged proteins around can in- terfere with the cell's function. "If you have very high levels of damaged protein A, the cell won't synthesize more. The problem is that protein A is not functional, so the consequence is you have a loss of function," Cuervo says. If the damaged proteins are enzymes, then problems in metabolism may arise. Damaged proteins also unfold. "They are going to expose regions that normally are not exposed, like a sticky area, and that will make other proteins stick to [them], so they won't be available for another function," she says.
In her examinations of the livers of old rockfish, Cuervo finds no increase (compared with younger fish) in undegraded proteins in the livers of old fish. "It was really surprising for us. You have old fishes and they are completely [capable of] degrading all those old proteins. Total protein degradation is pretty well preserved," she states. This is in stark contrast to aged rats, which show significant increases (50%) in undegraded proteins. Protein carbonyls, a product of oxidative damage-in other words, signs of aging-are readily apparent in these undegraded proteins. She cautions that these results, derived from studying 15 fishes from 23 to 77 years old, are preliminary and she needs to analyze more samples to verify her findings. She says there may indeed be differences in levels of degraded proteins that were not detected in this early work.
Indeed, preliminary results don't always hold up, as David Williams of Oregon State University has found. A professor of environmental and molecular toxicology, Williams wanted to know whether rockfish have any means of protecting themselves against oxidative stress. His hypothesis was guided by the widespread notion that oxidative damage resulting from normal metabolic activities, among other causes, plays a key role in the aging process. Initially, he found that rockfish do appear to protect themselves to a far greater degree than mammals do against this insult. In one experiment he found that liver tissue from a rat showed membrane damage from lipid oxidation after 30 minutes of exposure to iron ascorbate, an oxidative stressor, whereas rockfish liver tissue was unaffected after 4 hours of exposure. Although he can't explain what produced these results, he says it was probably not the well-known antioxidant vitamin Evitamin E levels were too low to explain the degree of resistance to oxidative damage in the rockfish cells. However, Williams was unable to replicate the findings a year later using the same fish samples, which had been frozen.
Protecting against DNA damage
Rockfish research has also focused on measuring the relative amount of damage to genomic DNA with age. By examining rockfish liver tissue, Tory Hagen of Oregon State University has found what he describes as high levels of DNA damage, compared with rat liver and heart cells, but Hagen emphasizes there is no discernible age-related trend in these data. This finding may suggest that an increase in steady-state, oxidative damage, which is evident in mammals, doesn't occur in rockfish. He is cautious about drawing this conclusion, however, saying that because the tissues have been stored for some time, there might be some "artifactual oxidation."
Hagen's next goal, after ruling out the possibility of artifacts, is to examine oxidative damage in mitochondrial DNA. "Mitochondria are the chief converters of raw fuel from the diet into a usable currency-ATP-to carry out cell function. Mitochondria do so much more. They are involved in calcium regulation in the cell, which is a signaling [mechanism governing cellular activity]. They regulate apoptosis [programmed cell death]. We think that they are more prone to oxidative damage because this is where oxidants are being produced. They are more He is uncertain why the damage occurs but suspects that oxidative stress may be one reason, among others. The result is that as they age, the rodents and monkeys studied experience a loss of mass, or atrophy, of muscle. By examining muscle tissue from rockfish of various ages, Aiken will determine whether aging takes its toll on their muscles as it does on those of rodents and monkeys.
Long-lasting telomeres
Telomeres, found at the ends of chromosomes, contain hundreds to thousands of copies of a short DNA segment and specific proteins that bind to them. Because telomere length changes with age, it is another subject of research on aging. Guido Krupp of the ChristianAlbrechts University in Kiel, Germany, explains that as cells divide, a small number of base pairs is lost with each round of division. Unless a certain minimum number of base pairs is present,"a signal cascade in the cell is started, which switches on cell death or senescence. The mechanism that maintains [and repairs] telomeres is the enzyme telomerase," he says.
Eventually, in mammals such as humans, says Krupp, the level of telomerase declines and the repair system fails. But in his early analyses of rockfish, this doesn't seem to be the case. There are "detectable levels of telomerase activity [in] all organs of the rockfish. You find it in brain and liver, in muscle, everywhere," he says. In fish ranging from 20 to 70 years of age, he finds no relationship between age and telomerase level. In old age, rockfish express telomerase at the same level as in young age. The consequence of the high telomerase level, argues Krupp, is that the tissues in these organs continue to remain young and vital.
Krupp plans to examine fish older than 70 years, and he and Cailliet have applied for a grant from the National Institute on Aging (NIA) to do so. But Jill Carrington, who is leading NIA's effort to examine aging in such animals as rockfish, says the role that telomere shortening plays in aging is unclear. "Rodent cells engineered to lack telomerase have no decrease in the number of doublings before division stops," Carrington says. "Additionally, telomerase-negative mice show decreased lifespans only after several generations. Thus, while some connection between telomeres, replicative senescence, and aging most likely exists, that relation is still unclear," she comments.
Protecting the brain
Even the rockfish brain is an object of study. Giel Bosman, with the University of Nijmegen in The Netherlands, is looking at their anion exchange proteins, which are found in cell membranes and are important in pH regulation in the cells. In the brain they are found in neurons; when these proteins age, he explains, their structure changes, eliciting attack by antibodies. "These antigenic changes are seen in higher concentration in the brain areas of people affected by Alzheimer's disease," he says. Bosman says that researchers haven't examined the normal brain for any such changes, however. In samples of rockfish brain, Bosman has found that there are no changes in these proteins in samples from fish aged 20 to 96 years, but he says the significance of that finding is not clear. "We don't know what this really means," he says, adding that he would like the opportunity to examine more samples in more detail.
Similar research efforts by Berislav Zlokovic, with the University of Rochester, are propelled by a concern about the gradual impairment of mental ability during aging in both the normal and the diseased brain."What really is interesting to me is that in the diseased state in humans, the brain is not perfectly perfused by blood, so there is a critical threshold at which the brain suffers from insufficient blood flow," he says. 
